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Peripheral Artery Disease in Korean Patients Undergoing 
Percutaneous Coronary Intervention: Prevalence and Association 
with Coronary Artery Disease Severity 

Peripheral artery disease (PAD) is an important marker for the risk stratification of patients 
with coronary artery disease (CAD). We investigated the prevalence of PAD in patients 
undergoing percutaneous coronary intervention (PCI) with CAD and the relationship 
between ankle-brachial pressure index (ABPI) and CAD severity. A total of 711 patients 
undergoing PCI for CAD from August 2009 to August 2011 were enrolled. PAD diagnosis 
was made using the ABPI. The prevalence of PAD was 12.8%. In PAD patients, mean 
values of right and left ABPI were 0.71 ±0.15 and 0.73 + 0. 1 5. Patients with PAD had a 
higher prevalence of left main coronary disease (14.3% vs 5.8%, P= 0.003), more 
frequently had multivessel lesions (74.9% vs 52.1%, P< 0.001) and had higher SYNTAX 
score (18.2+ 12.3 vs 13.1 +8.26, P= 0.002). Using multivariate analysis, we determined 
that left main CAD (OR, 2.954; 95% CI, 1 .418-6.152, P= 0.004) and multivessel CAD 
(OR, 2.321 ; 95% CI, 1 .363-3.953, P= 0.002) were both independently associated with 
PAD. We recommend that ABPI-based PAD screening should be implemented in all 
patients undergoing PCI with CAD, especially in severe cases. 
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INTRODUCTION 

Peripheral artery disease (PAD), a manifestation of multifocal 
atherosclerosis, is an important marker for risk stratification in 
patients with coronary artery disease (CAD). Early diagnosis of 
PAD in patients at high risk for cardiovascular disease is impor- 
tant in slowing down the atherosclerosis progression and pro- 
moting its regression. 

Several studies have demonstrated that the ankle-brachial 
pressure index (ABPI) strongly correlates with the presence and 
severity of atherosclerosis in the coronary arteries (1, 2). CAD is 
prevalent in patients with PAD and patients with both CAD and 
PAD are at increased risk for cerebrovascular accidents and car- 
diovascular mortality (3-5). Furthermore, previous studies have 
reported that PAD is independently associated with increase in- 
hospital and short-term mortality among patients undergoing 
percutaneous coronary intervention (PCI) for CAD (6, 7). 

Although the presence of PAD can be identified through ABPI 
measurement, PAD detection has often been overlooked, espe- 
cially in patients without related symptoms such as claudication. 
Therefore, high-risk patients with asymptomatic PAD often re- 
main underdiagnosed, undertreated, and at increased risk of 



additional cardiovascular morbidities and mortality. The varied 
prevalence of PAD in CAD patients has been demonstrated in 
several epidemiological studies (8-10). However, there is limit- 
ed data for the frequency of PAD underdiagnosis in patients un- 
dergoing PCI, especially in Korean populations. 

Furthermore, a few studies started investigating the correla- 
tion between ABPI and CAD severity. SYNTAX score (SS), a le- 
sion-based angiographic scoring system, was widely used as a 
tool quantifying the complexity of CAD (11-13). It was derived 
from the lesion location, characteristics, tortuosity, and other 
factors for each lesion, which has been shown to be an effective 
predictor of clinical outcomes in patients with left main or mul- 
tivessel disease undergoing PCI. We sought to determine the 
prevalence of PAD in patients with coronary disease and show 
the relationship between the ABPI and CAD severity. 

MATERIALS AND METHODS 

Study design and sample 

The study was carried out retrospectively at a single center from 
August 2009 to August 2011. A total of 711 consecutive patients 
(75.4% male; mean age 63.4 ± 11.0 yr) with CAD undergoing 
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PCI were enrolled. Patients were excluded from the study if they 
presented with coronary vasospasm or insignificant coronary 
artery stenosis. We also excluded 45 patients who presented with 
ABPI > 1.3 and tibia-brachial pressure index (TBPI) measure- 
ment > 0.7, which is associated with diffuse atherosclerotic dis- 
ease of vessels with calcification and stiffened walls, which in 
turn hamper PAD detection by ABPI measurement. Among pa- 
tients with ABPI > 1.3, those who had a TBPI measurement < 0.7 
were diagnosed with PAD. 

We reviewed the medical reports of enrolled patients to obtain 
all relevant demographic data, cardiovascular risk factors and 
coronary angiographic findings. After considering clinical man- 
ifestations, electrocardiogram and coronary angiogram results, 
the CAD cases were classified into the following: stable angina, 
unstable angina, non-ST segment elevation myocardial infarc- 
tion and ST segment elevation myocardial infarction. To assess 
the severity of the CAD cases, we investigated whether multi- 
vessel and left main coronary lesions were involved or not. The 
SYNTAX score (SS) is an anatomic scoring system based on the 
coronary angiogram, which not only quantifies lesion complex- 
ity, but also predicts outcomes after PCI in patients with multi- 
vessel CAD or left main disease. The SS allows prospective risk 
stratification of patients with multivessel CAD undergoing PCI. 
The SS for each patient was calculated by interventional cardi- 
ologists. From the baseline diagnostic angiogram, each coronary 
lesion producing > 50% diameter stenosis in vessels > 1.5 mm 
by visual estimation was scored separately using the SS score 
algorithm from its website (11-13). 

Risk factor stratification 

In our study, hypertension was either self reported or defined as 
having a systolic blood pressure > 140 mmHg. Diabetes mellitus 
was defined as having a history of type 1 or type 2 diabetes mel- 
litus, treated either pharmacologically or through diet changes. 
Obesity was defined as having a body mass index (weight [kg] / 
height 2 [m 2 ]) greater than 30. Smoking history was established 
in patients with at least a 10 pack-year history of tobacco use. 
Dyslipidemia was determined from medical records and de- 
fined as either having used lipid-lowering agents or having lab- 
oratory test results with a total cholesterol concentration of 200 
mg/dL or more, a low density lipoprotein cholesterol concen- 
tration of 130 mg/dL or more, a high density lipoprotein choles- 
terol concentration of 40 mg/dL or less, or a triglyceride concen- 
tration of 150 mg/dL or more. The presence of previous cerebro- 
vascular disease was defined to include ischemic strokes and 
transient ischemic attacks. 

Ankle-brachial pressure index measurement 

A 5-mHz Doppler device (Colin, VP 2000, Komaki, Japan) was 
used to measure the ABPI index. Each patient rested in the su- 
pine position for 5 min while having their systolic blood pressure 



recorded in the brachial arteries and in the lower extremities at 
the dorsalis pedis and the posterior tibial arteries. The ABPI is a 
ratio between the higher of two systolic pressures below the an- 
kle and the highest pressure in the brachial portion. The pres- 
sures of both legs were measured and ABPI was calculated for 
both legs. The subjects were considered to have PAD if either 
leg maximal ABPI was less than 0.9 or more than 1.3 with a 0.7 
or lower toe-brachial pressure index. The patients with PAD were 
grouped into mild (ABPI; 0.7-0.9), moderate (ABPI; 0.4-0.7) and 
severe (ABPI < 0.4) disease according to the value of ABPI. 

Statistical analysis 

Continuous variables were expressed as the mean ± SD or the 
median with an interquartile range. To evaluate differences be- 
tween patients with or without PAD, we used a Student's un- 
paired t-test for normally distributed data and Mann-Whitney 
test for data that were not normally distributed. Categorical vari- 
ables were compared using chi-square or Fisher's exact tests. 
Pearson correlation coefficient was used for correlation between 
SS and ABPI. A comparison of ABPI among three SS groups was 
performed using the ANOVA with contrast weight and Kruskal- 
Wallis test. For post-hoc analysis, we used pairwise comparison 
between the groups. To adjust elevation of the type I error, we 
used Tukey method using ranks. Multivariate logistic regression 
analysis was performed to determine the independent predic- 
tors of PAD. Mean values, percentages, and odds ratios (OR) are 
presented with 95% confidence intervals (CI). All statistical anal- 
ysis was performed using the PASW 17.0 statistical analysis soft- 
ware package (IBM SPSS Inc., Chicago, IL, USA). P values < 0.05 
were considered significant. 

Ethics statement 

This study protocol was reviewed and approved by the institu- 
tional review board of Samsung Medical Center (IRB No. 2012- 
07-012-001), and performed according to the Declaration of 
Helsinki. All subjects provided their informed written consent 
before participation. 

RESULTS 

The prevalence of PAD was 12.8% (right ABPI, 0.71 ± 0.15; left 
ABPI, 0.73 ± 0.15) in 711 patients with CAD undergoing PCI and 
23.9% in CAD patients over 70 years. The demographic and clin- 
ical characteristics of patients diagnosed with or without PAD 
are summarized in Table 1. The prevalence of PAD according to 
the existence of cardiovascular risk factors and co-morbidities 
is shown in Fig. 1 . Patients with PAD were significantly older than 
those without PAD (64 yr [54-71] vs 71 yr [65-76], P < 0.001). 
There was no significant difference in prevalence of PAD be- 
tween genders (13.4% vs 10.9%, P = 0.435). Preexisting condi- 
tions of hypertension or diabetes were not different between 
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Fig. 1. The prevalence of peripheral 
artery disease (PAD) in patients with 
or without cardiovascular risk fac- 
tors and co-morbidities. CVA, cere- 
brovascular accident. 



Table 1 . Clinical characteristics of patients with or without peripheral artery disease 
(PAD) 



Parameters 



No PAD (n = 620) PAD (n = 91) 



P value 



Male, No. (%) 

Body mass index (kg/m 2 ) 

Smoking, (%) 
Current smoker, No. (%) 
Ex-smoker, No. (%) 

Hypertension, No. (%) 

Diabetes, No. (%) 

Previous CVA, No. (%) 

Obesity, No. (%) 

Dyslipidemia 
HDL (mg/dL) 

LDL (mg/dL) 

TG (mg/dL) 



64(54-71) 
464 (74.8) 
24.8 (23.0-26.6) 
251 (40.5) 
154 (24.8) 
97 (15.6) 
343 (55.3) 
281 (45.3) 
12(1.9) 
33 (5.3) 
160 (25.8) 

43.0 
(36.0-50.0) 

100.0 
(78.8-132.0) 

124.0 
(86.5-178.0) 



71 (65-76) 

72 (79.1) 
23.7 (21.6-25.3) 

45 (49.5) 
30 (33.0) 
15(16.5) 
57 (62.6) 
49 (53.8) 
8 (8.8) 
5 (5.5) 
10(11.0) 

42.0 
(33.0-47.0) 

96.5 
(70.5-118.0) 

112.0 
(83.3-179.3) 



< 0.001 
0.376 

< 0.001 
0.105 



0.189 
0.128 
0.002 
1.000 
0.002 
0.096 

0.055 

0.468 



Data was expressed as medians (interquartile range) or percentages. PAD, peripheral 
artery disease; CVA, cerebrovascular accident; HDL, high density lipoprotein; LDL, 
low density lipoprotein; TG, triglyceride. 

Table 2. Severity of coronary artery disease (CAD) in both patients with or without 
peripheral artery disease (PAD) 



Degree of CAD 


No PAD 
(n = 620) 


PAD 

(n = 91) 


P value 


Clinical manifestations 






0.193 


Stable angina 


299 (48.2) 


38 (41 .8) 




Unstable angina 


109 (17.6) 


12(13.2) 




Silent ischemia 


43 (6.9) 


12(13.2) 




Mixed angina 


4 (0.6) 


1 (1.D 




NSTEMI 


89 (14.4) 


17(18.7) 




STEMI 


75 (12.1) 


11 (12.1) 




Vessel involvement 






< 0.001 


1 vessel 


297 (47.9) 


23 (25.3) 




2 vessels 


221 (35.6) 


36 (39.6) 




3 vessels 


102 (16.5) 


32 (35.2) 




Left main coronary disease 


36 (5.8) 


13(14.3) 


0.003 



PAD, peripheral artery disease; NSTEMI, non-ST segment elevation myocardial in- 
farction; STEMI, ST segment elevation myocardial infarction. 

the groups. However, previous cerebrovascular accidents were 
more common in patients with PAD (8.8% vs 1.9%, P = 0.002). 
Clinical manifestations and severity of CAD in patients with 




Fig. 2 
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Number of diseased coronary artery 

The prevalence of unilateral and bilateral PAD according to the number of dis- 
coronary artery. VDs, vessel disease. 



or without PAD are presented in Table 2. Among patients whose 
CAD was confirmed by coronary angiography, those with PAD 
tended to present more often with left main (14.3% vs 5.8%, P = 
0.003) and multivessel CAD (74.9% vs 52.1%, P < 0.001) when 
compared with those who did not have PAD. The overall preva- 
lence of PAD in patients with left main coronary lesion was 26.5%. 
Moreover, patients with multivessel CAD were more likely to 
present with moderate to severe PAD (ABPI < 0.7) when com- 
pared with patients with single vessel CAD (6.3% vs 2.2%, P = 
0.008). PAD seemed more prevalent in patients who presented 
with atherosclerotic coronary disease than in those with acute 
coronary syndrome, although the differences were not statisti- 
cally significant (14.6% vs 12.1%, P = 0.386). The prevalence of 
bilateral PAD was higher in multivessel CAD patients than those 
with single vessel disease (5.3% vs 1.9%, P < 0.001) (Fig. 2). The 
SS tertiles were defined as low (SS < 22), intermediate (SS > 23 
and < 32) and high (SS > 33). PAD was more prevalent in pa- 
tients who presented with multivessel coronary artery disease 
(17.5%), left main coronary artery disease (26.5%) and higher 
SS group (38.5%), at statistically significant percentages (Fig. 3). 
In CAD patients with cerebrovascular accidents, the prevalence 
of PAD was more than threefold above those with only CAD (40% 
vs 12.8%, P < 0.001). The value of ABPI was significantly differ- 
ent between the three groups (1.09 ± 0.14, 1.01 ± 0.21, 0.93 ± 
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0.22, P < 0.001) (Fig. 4A). In the post hoc analysis, the difference 
of ABPI between patients with the low and intermediate risk 
group, as well as low and high risk group was statistically signif- 
icant except comparing of intermediate and high risk group (low 
and intermediate risk group, P = 0.024; low and high risk group, 
P < 0.001; intermediate and high risk group, P = 0.072). ABPI 
showed a significant negative correlation with SS (correlation 
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Fig. 3. The prevalence of peripheral artery disease (PAD) according to the severity of 
coronary artery disease (CAD). LM, left main coronary disease. 



coefficient = -0.225, P < 0.001) (Fig. 4B). 

Using multivariate analysis, we confirmed that the age (OR, 
1.090; 95% CI, 1.061-1.120; P < 0.001), smoking history (OR, 
2.027; 95% CI, 1.185-3.468; P= 0.010), previous CVA history 
(OR, 3.320; 95% CI, 1.495-9.226; P = 0.021), left main CAD (OR, 
3.117; 95% CI, 1.495-6.497; P = 0.002) and multivessel CAD (OR, 
2.257; 95% CI, 1.323-3.852; P = 0.003) were all independendy 
associated with PAD (Table 3). 

DISCUSSION 

The reported prevalence of PAD in patients undergoing PCI with 
CAD varies from 5% to 40% in previous studies (14-16). The broad 
range of the PAD prevalence is most likely due to the patients' 
diverse population backgrounds, demographics, and manifes- 
tations of CAD. Our study demonstrates the discrete prevalence 
of PAD in Korean patients undergoing PCI for CAD and the as- 
sociation between PAD and CAD severity. Compared to West- 
ern population (6), the prevalence of PAD in Korean patients 
undergoing PCI was higher. Although the overall prevalence of 
PAD was about 13% in our results, patients with high cardiovas- 
cular risk factors such as old age, smoking, and atherosclerotic 
burden showed significantly higher incidences of PAD (17). Con- 
sidering that the patients with CAD and PAD who undergo PCI 
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Fig. 4. (A) The relation between the ankle-brachial pressure index and (B) SYNTAX score. 



Table 3. Predictors of peripheral artery disease in patients undergoing PCI 



Variables 


Univariate 




Multivariate 




OR (95% CI) 


P value 


OR (95% CI ) 


P value 


Age 


1.084 (1.057-1.111) 


< 0.001 


1.090 (1.061-1.120) 


< 0.001 


Male 


1.274 (0.745-2.180) 


0.377 


1.534 (0.810-2.905) 


0.190 


Smoking 


1.438 (0.925-2.236) 


0.106 


2.027 (1.185-3.468) 


0.010 


Hypertension 


1.354 (0.860-2.130) 


0.190 






Diabetes 


1.407 (0.905-2.189) 


0.129 






Previous CVA 


4.884 (1.939-12.298) 


0.001 


3.320 (1.195-9.226) 


0.021 


Left main CAD 


2.704 (1.374-5.320) 


0.004 


3.117(1.495-6.497) 


0.002 


Multivessel CAD 


2.847 (1.718-4.718) 


< 0.001 


2.257 (1.323-3.852) 


0.003 



Adjusted covariates include age, gender, history of smoking, previous CVA, left main CAD and multivessel CAD. OR, odds ratio; 95% CI, 95 percentile confidence interval; CVA, 
cerebrovascular accident; CAD, coronary artery disease. 
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experience reduced procedural success and increased short- 
and long-term mortality (6, 7), this high prevalence of PAD in 
Korean patients undergoing PCI arouse the physicians to the 
importance of early detection and proper management of poly- 
vascular disease. 

In our analysis, patients with PAD had more severe CAD man- 
ifestations, showing a higher frequency of left main and multi- 
vessel coronary disease. With multivariate analysis, the severity 
of CAD was independently associated with a lower ABPI. These 
findings would support that the increased morbidities and mor- 
tality in PAD patients receiving PCI might be a consequence of 
the more extensive atherosclerotic burden. 

As is well known, SS is an independent prognostic factor of 
the 1-yr risk of death, myocardial infarction in patients with acute 
coronary syndrome following PCI. However, our study used SS 
as the parameter of CAD severity and compared the correlation 
of ABPI and those SS because the scoring system reflects the 
complexity of the coronary lesions. 

ABPI measurement is widely accepted as a useful tool for the 
identification of asymptomatic PAD and as an important marker 
for systemic atherosclerosis (19, 20). However, ABPI may have 
limited value in patients with diabetes or chronic renal failure 
on hemodialysis as they tend to have calcified vessel walls and 
with other factor increasing vessel stiffness. To overcome these 
limitations, we measured TBPI addition to ABPI. TBPI is not 
widely used by itself because of its low sensitivity. However, the 
reference of TBPI is helpful to diagnose PAD in patients with 
low TBPI value and high ABPI value. Significantly low TBPI val- 
ues (< 0.7) in patients with high ABPI values (> 1.3) may identi- 
fy PAD (21, 22). Measurements both ABPI and TBPI as screen- 
ing for asymptomatic PAD in subjects with high cardiovascular 
risk may increase early diagnosis of PAD, allowing aggressive 
secondary preventive measures to be taken. 

Our study has several limitations. The present study was con- 
ducted retrospectively in a single center, which may have led to 
selection bias. CVA according to ischemic mechanism did not 
investigate. Additionally, we were unable to investigate addi- 
tional medical history that could have affected the PAD. How- 
ever, the fact that this was a relatively large population-based 
analysis increases our confidence in the results. 

In conclusion, PAD of the lower leg is highly prevalent in pa- 
tients receiving PCI with CAD and strongly associated with dis- 
ease severity. The high prevalence of PAD in patients who un- 
dergo PCI confirms the importance of active screening for PAD 
using ABPI. We emphasize that clinicians should keep in mind 
that CAD patients undergoing PCI would have other co-morbid 
vascular manifestations like PAD. 
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